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Coffee is an important plantation crop belonging to the family Rubiaceae, subfamily Cinchonoideae and tribe Coffeae (Clifford et al 1989).  The Rubiaceae members are largely tropical or subtropical with nearly 400 genera and 4800-5000 species.  ‘Quahweh’ is the Arabic word from which originated the name ‘coffee’. The word was a poetic term used for wine, which is forbidden for strict muslims. Therefore, the name was transferred to coffee, and through its Turkish equivalent quahweh became cafe (French), caffe (Italian), Kaffee (German), koffie (Dutch) and coffee (English) and Latin Coffea for the botanical genus (Smith 1985).  The stimulatory effects of roasted coffee beans were well known to the natives of Africa when the Arabs brought Coffea arabica seeds from Ethiopia to Yemen (Arabian Peninsula) during the 13th century, and established the first plantations (Monaco et al 1997). 
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The success of transgenic research in Coffee has opened up new avenues for quality improvements. A number of transformation systems have been reported for arabica and robusta coffee, however only a few reports demonstrated the recovery of whole plant with stable integration of DNA. Rapid in vitro regeneration protocol is a basic need for the success of transgenic research in any plant species. A major hindrance for genetic transformations in coffee is slow rate of in vitro regeneration. 
Transformation has been reported using the biolistic methods (Van Boxtel et al, 1995), DNA electroporation using protoplasts (Barton et al 1991) and various Agrobacterium systems (Ocampo and Manzanera 1991, Grezes 1993, Spiral et al 1993, Leroy et al 1997, Leroy et al 2000, Fernandez-Da Silva 2003). The first report of stable transformation of coffee plant used a protoplast system for electroporation (Barton et al 1991). Barton et al (1991) reported the recovery of Coffea arabica plantlets after selection of transformed protoplasts on kanamycin and regeneration. However the root system of the regenerated transgenic plants was not well developed and plants capable of flowering were not produced. 
Although many transformation systems have been investigated, most of the current work utilized the standard Agrobacterium tumefaciens mediated gene delivery system, despite the relatively low rate of transgenic plant production. Transgenic coffee plants containing the cry1A(c) gene were produced using both the Agrobacterium rhizogenes and Agrobacterium tumefaciens systems (Leory et al 1997, Leroy et al 2000). The cry1A(c) encodes for an insecticidal protein that is toxic to certain insects including the coffee minor, Perileucoptera coffeela (Oliveiro et al, 1998). Sugiyama and co workers (1995) reported Agrobacterium rhizogenes mediated transformation and regeneration plants from transgenic roots of Coffea arabica cv typica. However, All the plantlets reported to be with typical rol gene phenotype, short internodes and stunted growth. Spiral and co-workers (1999) found that the npt II kanamycin resistance was not an effective selection marker in Coffea somatic embryos. Transgenic selection with chlorosulfuron resistance was reported to be effective (Spiral et al 1999). In Coffea sp. the frequency of transgenic plants produced is considerably below that of many other transformation systems (Leroy et al 1997). In Agrobacterium tumefaciens system, 0.4% of the somatic embryos infected gave transgenic plants (Leroy et al 1997). However improvements in the selection systems have recently been reported. Leroy and co workers reported GUS gene expression after 10-12 months of selection under chlorosulfuron (Leroy et al 2000). Ocampo and Manzanera (1991) demonstrated that C. arabica tissues could be infected by wild strains of Agrobacterium tumefaciens. Hatanaka and co-workers (1999) reported stable transformation and regeneration of transgenic Coffea canephora. The authors adopted Agrobacterium tumefaciens strain EHA101 harbouring pIG121-Hm consisting of β glucournidase (uid A), hygromycin phosphotransferase (hpt II) marker gene for transformation. Grezes and co-workers (1993) reported A. tumefaciens mediated genetic transformation. Van Boxtel (1994) transformed coffee using biolistic gene delivery method. Studies on five selection markers i.e., chlorsulfuron, glufosinate, glyphosate, hygromycin and kanamycin indicated the potential of glufosinate for the detection of stably transformed coffee tissue (Van Boxtel 1994). Kanamycin resistant plantlets were obtained from coffee leaf segments through Agrobacterium mediated transformation (Naidu et al 1998). De Pena (1995) reported optimization of conditions for direct DNA uptake using the poly ethylene glycol (PEG) method. Fernandez-Da Silva (2003) established an electroporation mediated genetic transformation method of coffee (Coffea arabica cv. Catimor) and incorporation of BAR gene for ammonium glufosinate resistance. Fernandez-Da Silva and Menendez (2003) reported optimization of gene delivery to C. arabica by electroporation mediated transformation


The physiological effect of caffeine has been dealt in detail in the following references (Anonymous 1987, www.ico.org, Tavani and Vecchia 2004). Soon after drinking a cup of coffee, or tea or cola, caffeine is distributed throughout the body. However, caffeine does not accumulate in the body, so its effects are short-lived and transitory. The caffeine half-life ranges from 0.7-1.2 h in rats, 3-5 h in monkeys, 2.5-4.5 h in humans and about 80 ± 23 h. in newborn infants (Reviewed by Nehling 1999). Effect of caffeine varies depending on a number of factors. Every individual reacts differently to caffeine. For example, caffeine may stay in the body of pregnant women for up to 3 times as long as is usual in adults, whereas smokers eliminate caffeine twice as quickly as non-smokers. Some of the effects of caffeine, such as those on the heart and blood vessels, are contradictory and have no net effect - others may only be noticeable when regular consumers suddenly cut out caffeine. The body can become habituated to caffeine so that regular users are less sensitive to the stimulant effects than others (Reviewed by Nehling 1999).
Of all the physiological effects of coffee, the best known is that it is a stimulant to the nervous system. One or two cups of coffee can make one feel more awake, alert and able to concentrate. However, in sensitive individuals, caffeine may delay the onset of sleep, decrease sleep time and even lower the subjective quality of the sleep. Caffeine has various effects on mood, ranging from pleasant stimulation and mood elevation to anxiety, nervousness and irritability, but these are transient and dose-related. Effects of caffeine have given rise to the development of several methods for removal of caffeine from beverages (Reviewed by Nehling 1999).



A programme of genetic breeding was initiated in 1987 to obtain low caffeine lines at the Instituto Agronomico de Campinas, 3,000 coffee trees, representing 300 C. arabica accession from Ethiopia have been screened. Silverolla et al (2004) discovered three caffeine free plants obtained from Ethiopia and designated as AC1, AC2 and AC3. These plants found to possess theobromine but not caffeine indicating that the plants might be deficient in enzyme caffeine synthase. The results of radiolabel study demonstrated that the low caffeine trait of these plants is not because of rapid degradation, but due to deficiency of caffeine synthase activity.


Biotechnology has come a long way to play its role in the well being of human. The progress in the transgenic research led to the development of genetic manipulation strategies for specific traits. The compiled information provides an idea about the latest developments in Coffee biotechnology area. Several workers have reported somatic embryogenesis, formation of embryogenic and non-embryogenic callus in coffee. However, information is lacking on what are the factors, which determine embryogenic nature in coffee. Development of rapid regeneration protocols in coffee is a key factor for optimizing genetic transformation. So far it was not possible to transform coffee and regenerate plants devoid of rol gene phenotype by A. rhizogenes mediated transformation. Several physical and chemical factors may influence the transformation efficiency by A. rhizogenes in plants. Information on influence of sonication, calcium ions, cellulase and pectinase enzyme on A. rhizogenes mediated transformation frequency is completely lacking. The need for naturally decaffeinated coffee can be answered in a better way by molecular breeding of coffee.  Alternative gene transfer methods such as electroporation seem to be a good approach to analyze promoters to drive the expression of reporter genes in coffee. With this background a series of experiments were designed for plant regeneration through somatic embryogenesis and genetic transformation of coffee with the following objectives. The results of these studies form the substance of this thesis. 






